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In 6 of 7 patients with acute pancreatitis and hyperlipemia, inhibi-
tion of serum amylase activity was detected by dilution of the
serum before assaying for amylase and by correcting for the
dilution factor. In 4 patients the inhibition phenomenon disap-
peared within the first few days of hospitalization as the elevated
serum triglycerides fell. However, in 2 others there was no rela-
tion between triglyceride level and amylase inhibition. Removal of
the excess serum lipids by ultracentrifugation did not eliminate
the inhibition of amylase activity. Inhibition of amylase activity
also occurred in the urine of these patients. No amylase inhibition
was demonstrable in lipemic serum from patients without pan-
creatitis or in pancreatitis serum to which excess lipids were
added. The data suggest the presence of a circulating inhibitor of
amylase, distinct from the elevated serum lipids, in the serum and
urine of patients with acute pancreatitis associated with hyper-
lipemia. The diagnosis of acute pancreatitis in the patient with
abdoninal pain and lactescent serum can be facilitated by correct-
ing the serum amylase activity by dilution.

L IPIDS, especially triglycerides, are abnormally ele-
vated in the sera of 12-38% of patients presenting with

acute pancreatitis,1'3'5'6 gross lactescence being visible in
about half of these.1 In such patients serum amylase
activity, the most widely-used laboratory index of acute
pancreatitis, may fail to rise.1 3'4'6'7 It has been postulated
that the excessive lipid either interferes with the chemi-
cal measurement of amylase activity4'6 or inhibits the
enzymatic action of amylase.1 Recently Fallat, Vester,
and Glueck showed that serial dilution of hyperlipemic
pancreatitis serum allows a relative increase in amylase
activity and suggested that the excessive serum tri-
glycerides were responsible for the lowered amylase activ-
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ity.4 The findings of the present study suggest instead the
existence of a circulating inhibitor of amylase in some
patients with acute pancreatitis, usually coinciding tem-
porally with hypertriglyceridemia but not being the
triglycerides per se.

Materials and Methods
Six patients with lactescent serum and clinically un-

equivocal severe acute pancreatitis were encountered
during a prospective study of 60 patients with acute pan-
creatitis at the Massachusetts General Hospital. Serum
and urine were collected at the time of admission, refrig-
erated immediately, and assayed within 24 hours. Control
specimens were obtained from normal healthy volunteers
and from hyperlipemic patients without clinical pan-
creatitis.
Amylase activity in serum and urine was determined

by a direct saccharogenic method in which the liberation
of reducing groups (maltose) is detected with 3,5-
dinitrosalicylic acid.11 The period of incubation used in
this assay was generally 30 min at room temperature, but
was varied in some experiments so that all results would
fall within the range of linearity for the assay. Normal
serum amylase activity in this laboratory ranges from
20-90 mumoles of maltose/min.
To detect inhibition of "true" amylase activity, speci-

mens were serially diluted up to 16 times. The value for
amylase activity in a diluted sample was multiplied by the
dilution factor to give a "corrected amylase activity."
The phosphate buffer used in the amylase assay (0.02
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FIG. 1. Unchanged amylase activity after serial dilution of non-lipemic
serum. In the upper section each curve is a different patient and each
point is the mean of duplicate samples. In the lower section the curve
shows the mean for 7 patients and the standard error of the mean at each
dilution.

M,pH 6.9, containing 0.006 M NaCI) was used for making
serial dilutions of samples.

Triglycerides were measured according to Kessler and
Lederer.8 Ultracentrifugation was performed with a
Beckman L-50 refrigerated ultracentrifuge.

Results
The corrected amylase activity in normal serum did not

change significantly upon 16-fold serial dilution (Fig. 1).
Similarly dilution produced no consistent change in the
amylase activity of 5 sera from patients with acute pan-
creatitis not associated with hyperlipemia (triglycerides
< 150 mg/100 ml) (Fig. 1). Dilution of 1 specimen of pure
human pancreatic secretions, obtained by cannulation of
the pancreatic duct, had no effect upon its corrected
amylase activity.

In contrast, the corrected amylase activity in serum
from 5 patients with lactescent serum (mean triglycerides
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FIG. 2. Increased corrected amylase activity after dilution of hyper-
lipemic serum from patients with pancreatitis. In the upper section each
curve is a different patient and each point is the mean of duplicate
samples. The triglyceride concentration (mg/100 ml) of each undiluted
specimen is given in parentheses. In the lower section the curve shows
the mean for 7 patients and the standard error of the mean at each
dilution.

= 6100 mg/100 ml) increased strikingly upon serial dilu-
tion (Fig. 2). A point of dilution was always reached
beyond which no further increase in corrected amylase
activity occurred. Control serum (mean triglycerides =
2200 mg/100 ml) from 5 hyperlipemic patients without
pancreatitis showed no significant change in amylase ac-
tivity after dilution (Fig. 2).

TABLE 1. Corrected Amylase Activity After Dilution (16x) of Urine From Normal Volunteers or
From Patients with Pancreatitis and Hyperlipemia.

Normal Volunteers Pancreatitis with Hyperlipemia
m,umoles maltose/min m,umoles maltose/min

undiluted dcluteo change% undiluted diluted change%

111 110 -1 1176 3880 +230
37 35 -5 670 2150 +221
100 290 +190 61 299 +390
32 39 +22 1600 2240 +40
72 138 +92 365 1388 +280
100 126 +26 Mean change +232
74 90 +22
62 64 +3
113 170 +50

Mean change +44
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FIG. 3. Persistence of
amylase inhibition afterremoval of serum lipids by
ultracentrifugation. In this

M:z_ representative experiment
" .| / 1 the 3 curves show the cor-
N( rection of amylase activity11t 600 / C : of serum from a patient

with pancreatitis andhyperlipemia before ul-
4{*0O - rr x tracentrifugation, afterPrz /t _ 3Z^0S_ centrifugation at 3x 103 g

min, and after centrifuga-tion at 10" g min. The tri-
glyceride concentration of

I A. each undiluted specimen is
0 2 4 6 s 10 12 14 16 given in parentheses.
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The excess lipids were separated from 2 hyperlipemic
pancreatitis sera by ultracentrifugation. As shown in Fig.
3, the undiluted amylase activity rose slightly after ul-
tracentrifugation alone, a finding consistent with some
minor suppressant effect of the lipids upon the enzyme
assay. However, even after the removal of all of the
chylomicrons (3 xl101 g min) and 99% of the triglycerides
(1' g min) the corrected amylase activity still rose 3 to
4-fold upon dilution. This observation suggests the pres-
ence of an inhibiting factor in addition to the lipids. (The
highest corrected amylase activity obtained in the cen-
trifuged specimens may be a little lower than that in the
uncentrifuged specimens because of the interval of two
days required for ultracentrifugation and re-assay: after
simple storage of unspun "inhibited" serum for several
days, the observed rise in corrected serum amylase activ-
ity falls off).
Amylase activity was determined in urine obtained

from 8 normal individuals and from 5 patients with hyper-
lipemic pancreatitis and evidence of serum amylase sup-
pression. As shown in Table 1 the mean rise in corrected
amylase activity after 16-fold dilution was 44% in normal
urine but 232% in urine from patients with serum amylase
suppression. This difference is significant (P < 0.01 by
the Mann-Whitney U Test for non-parametric groups).
Since negligible quantities of triglycerides and other
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TABLE 2. Addition of Triglycerides to Pancreatitis Serum.

no incubation incubation

Pancreatitis serum + buffer 220 240
Pancreatitis serum + normal serum 320 340
Pancreatitis serum + triglycerides 280 340

Pancreatitis serum was mixed in equal parts either with phosphate
buffer, normal human serum, or hyperlipemic serum (triglycerides =
2700 mg/100 ml). Amylase activity (m,umoles maltose/minute) was de-
termined before and after incubation at 37? for 1 hr.

serum lipids appear in the urine, the inhibiting factor in
urine cannot be the triglycerides.
To test for direct inhibition of amylase activity by

triglycerides, non-lipemic serum from a patient with pan-
creatitis was mixed in equal parts with either phosphate
buffer, normal serum, or hyperlipemic serum (tri-
glycerides = 2700 mg/100 ril) and assayed for amylase
activity. As shown in Table 2, there was no suppression
of amylase activity by the lipemic serum. Incubation of
the mixture for 1 hour at 37 C before assaying for amylase
also did not lower amylase activity (Table 2). These find-
ings are evidence against the inhibiting factor being the
serum triglycerides or being the product of interaction
between serum lipids and enzymes or other substances in
pancreatitis serum.
Serum obtained on successive days after admission

from 4 patients with hyperlipemic pancreatitis showed a
progressive loss of amylase inhibition as demonstrated by
dilution (Fig. 4). This change temporally coincided in 3 of
the 4 with falling triglyceride levels.

In the latter days of the study, 2 patients with clear-cut
pancreatitis were found who exemplified the dissociation
of amylase-inhibition from massive hypertriglyceridemia
(Fig. 5). One was a woman with known Type IV hyper-
lipoproteinemia, mild triglyceride elevation (190 mg/100
ml), and a 4-fold rise in amylase activity. The other was
an alcoholic with markedly elevated triglycerides (3970
mg/100 ml) but no amylase inhibition.
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FIG. 5. Dissociation between serum amylase inhibition and triglyceride
concentration. Each curve represents 1 patient with acute pancreatitis.
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Discussion
An increased incidence of pancreatitis or abdominal

pain has been associated with several of the categories of
hyperlipoproteinemias, but most reports of bona fide
acute pancreatitis have occurred in association with a
Type I or Type V hyperlipoproteinemia pattern,2'5 as was
the case for 5 out of 6 of our hyperlipemic patients. Of
these 6, 4 were alcoholics, as were a similarly high per-
centage in Cameron's series.1'2

This study confirms that suppression or inhibition of
serum amylase activity occurs frequently1'3'4'6'7 in pa-
tients who have acute pancreatitis associated with hyper-
lipemia. The mechanism of amylase inhibition has been
disputed. Fallat, Vester, and Glueck,4 using a starch-
iodine amyloclastic assay for amylase, showed a reduc-
tion of apparent amylase activity when an artificial tri-
glyceride suspension was added to the assay medium.
They felt that triglycerides directly suppressed the
amylase activity, perhaps interfering with light transmis-
sion in the colorimetric assay. Indirect support for that
view can be drawn from the experience of Farmer and his
associates5 who in their study of 10 hyperlipemic pan-
creatitis patients noted uniformly elevated amylase activ-
ity in centrifuged or ether-washed serum (although they
did not measure amylase activity before removing the
lipids). Others report that addition of triglycerides does
not suppress measured amylase activity.10 Also, the pres-
ence or absence of inhibition has not correlated with the
degree of endogenous triglyceride elevation either in our
experience or in that of Cameron's group.3

Evidence from this study suggests that the serum lipids
are not directly responsible for the inhibition of amylase
activity. Amylase-inhibition correlated with the period of
time, the first few days after admission, during which the
triglycerides were elevated, but did not correlate with
exogenous manipulation of triglyceride levels. Ultracen-
trifugation of lipemic inhibited serum allowed only a
slight rise in amylase activity, which was further aug-
mented by dilution. Addition of human serum lipids in a
concentration theoretically sufficient to suppress
amylase activity (1250 mg/100 ml) did not lower the ele-
vated amylase activity of pancreatitis serum. In contrast
to the findings of Fallat, Vester, and Glueck,4 dilution of
naturally-occurring lipemic serum from patients without
acute pancreatitis did not produce any change in cor-
rected amylase activity. Amylase activity in urine, which
has very little lipid content, was also inhibited in patients
with serum inhibition. And finally, the dissociation be-
tween amylase inhibition and serum triglyceride concen-
tration is graphically illustrated by the 2 patients rep-
resented in Figure 5.

The inhibition of urinary amylase is of particular inter-
est since it helps to explain the observation by Cameron's
group' that urinary amylase levels in hyperlipemic pa-
tients with pancreatitis, like their serum amylase levels,
are often normal and not elevated. In spite of the seem-

ingly low amylase activities in serum and urine, we have
found that the amylase/creatinine clearance ratio, which
rises in acute pancreatitis,12 rises also in hyperlipemic
patients with pancreatitis and its measurement is an ef-
fective aid to diagnosis.9

These findings suggest that there is a circulating in-
hibitor of amylase in the serum of many patients with
pancreatitis associated with hyperlipemia. Although the
elevated serum lipids may have some minor direct effect,
lowering apparent amylase activity by interfering with
colorimetric analysis, most of the inhibitory effect ap-
pears to be associated with a non-lipid factor which can
also be filtered into the urine. The origin and nature of
this amylase inhibitor in unknown, but it is reasonable to
postulate that it is either a lipid derivative or related to
the underlying defect in lipid metabolism which charac-
terizes these patients.2'6
The clinical importance of the phenomenon of inhibi-

tion of amylase activity lies in its capacity to delude
physicians into disregarding the diagnosis of acute pan-
zreatitis. With a normal serum amylase the diagnosis is
difficult to make unless one accepts the dictum that ab-
dominal pain in a patient with lactescent serum means
pancreatitis."3 As has been found by others also,4 correc-
tion of the amylase activity by dilution (2-1 6x) and appro-
priate recalculation unmasks the "true" hyper-
amylasemia.
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